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Claims 

1. The batteries are composed of negative electrodes with lithium or lithium-containing 
alloys as active substances, positive electrodes with molybdenum dioxide, vanadium pentoxide, 
niobium oxide, selenide, manganese dioxide, cobalt dioxide, or compounds of these substances 
and lithium as active substances, and electrolytic solutions; and pyridine or its derivatives which 

can be represented by the general formula 

r» " - 

I; " - 



(wherein Ri_ 5 is hydrogen or alkyl group) 

are added to the above-mentioned electrolytic solutions. 
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2. The batteries are composed of negative electrodes with lithium or lithium-containing 
alloys as active substances, positive electrodes with molybdenum dioxide, vanadium pentoxide, 
niobium oxide, selenide, manganese dioxide, cobalt dioxide, or compounds of these substances 
and lithium as active substances, and electrolytic solutions, and thiourea 

iv H r 

J 

S m G 

i: ... 

is added to the above-mentioned electrolytic solutions. 

3. The batteries are composed of negative electrodes with lithium or lithium-containing 
alloys as active substances, positive electrodes with molybdenum dioxide, vanadium pentoxide, 
niobium oxide, selenide, manganese dioxide, cobalt dioxide, or compounds of these substances 
and lithium as active substances, and electrolytic solutions; and additives which can be 
represented by the general formula 

K, ® 1 




Key: 1 Or 



(wherein R1-2 is hydrogen or alkyl group) 

are added to the above-mentioned electrolytic solutions. 

4. The batteries described in Claim 1, 2, or 3, characterized in that the amount of 
additives to be added is 0.01 vol% or greater. 

5. Batteries described in Claim 1, 2,.or_3, characterized in that the amount of additives to 
be added is 0. 1-20 vol%. 

6. Batteries described in Claim 1, 2, 3, 4, or 5, characterized in that the negative 
electrodes are formed by at least one type of material selected from the group consisting of 
lithium, lithium alloys and lithium-carbon compounds. 
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Detailed explanation of the invention 

(A) Industrial application field 

The present invention pertains to nonaqueous electrolytic solution-containing secondary 
batteries with negative electrodes made of lithium or lithium alloys as active substances, positive 
electrodes made of molybdenum trioxide, vanadium pentoxide, titanium, niobium oxide, 
selenium compounds, manganese dioxide, cobalt dioxide, or compounds composed of these 
substances and lithium as active substances, and nonaqueous electrolytic solutions made of at 
least one solvent. 

(B) Prior art 

In the above-mentioned batteries, the lithium which is dissolved and ionized at the time 
of discharge is in the form of lithium metal at the time of charging, and electrodeposited on the 
surface of the negative electrode; the electrodeposited lithium is in very small particles with very 
large surface areas, therefore its activity is high and it reacts with the solvent which constitutes 
the nonaqueous electrolytic solution and thus decomposes the solvent, breaking down the 
nonaqueous electrolytic solution. Because of this the charging-discharging cycle characteristics 
become poor, which is a drawback. 

At the time of charging, the lithium is deposited to form dendrite-shaped deposits which 
reach the positive electrode, allowing an internal short circuit to occur. Thus the characteristics of 
the batteries deteriorate, which is a problem. 

As methods for solving the problem, the addition of crown ether to the electrolytic . 
solutions (Japanese Kokoku Patent No. Sho 58[1983]-12992) and the addition of phenol 
derivatives to the electrolytic solutions (Japanese Kokoku Patent No. Sho 56[1981]-22112) have 
been proposed, however, neither were able to be put to practical use. 

(C) Problems to be solved by the invention 

The problems to be solved by the present invention are to add additives which have not 
been used so far to the electrolytic solutions for improving the charging efficiency of lithium 
"negative electrodes, thereby improving.the cycle characteristics of the batteries. 

(D) Means to solve the problems 

The first invention is batteries which are composed of negative electrodes with lithium or 
lithium-containing alloys as active substances, positive electrodes with molybdenum dioxide, 
vanadium pentoxide, niobium oxide, selenide, manganese dioxide, cobalt dioxide, or compounds 
of these substances and lithium as active substances, and electrolytic solutions, and pyridine or 
its derivatives which can be represented by the general formula 



(wherein R1.5 is hydrogen or alkyl group) 

added to the above-mentioned electrolytic solutions. 

The second invention is batteries which are composed of negative electrodes with lithium 
or lithium-containing alloys as active substances, positive electrodes with molybdenum dioxide, 
vanadium pentoxide, niobium oxide, selenide, manganese dioxide, cobalt dioxide, or compounds 
of these substances and lithium as active substances, and electrolytic solutions, and thiourea 



added to the above-mentioned electrolytic solutions. 

The third invention is batteries which are composed of negative electrodes with lithium or 
lithium-containing alloys as active substances, positive electrodes with molybdenum dioxide, 
vanadium pentoxide, niobium oxide, selenide, manganese dioxide, cobalt dioxide, or compounds 
of these substances and lithium as active substances, and electrolytic solutions, and additives 
which can be represented by the general formula 



N 11 » 



N II « 





Key: 1 



Or 



(wherein R 1-2 is hydrogen or alkyl group) 
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added to the above-mentioned electrolytic solutions. 

The fourth invention is batteries to which the amount of additives to be added is 
0.01 vol% or greater. 

The fifth invention is batteries to which the amount of additives to be added is 

Vt.L-L,\J vui /l/. 

The sixth invention is batteries in which the negative electrodes are prepared using at 
least one type of material selected from the group consisting of lithium, lithium alloys and 
lithium-carbon compounds. 

(E) Function 

As in the above-mentioned constitution, when additives such as pyridine, pyridine 
derivatives, thiourea, anisaldehyde, etc. are added to the electrolytic solutions, lithium ions easily 
form a solvate (complex of solvent molecules around ions), therefore when lithium is deposited 
at the time of charging, the additives also are taken in so the electrodeposition conditions change, 
the formation of dendrites is suppressed thus the charging-discharging efficiency is improved. 

The reaction with the solvent and the solute of the electrolytic solution of 
electrodeposited lithium is relaxed, and the formation of nonconductive films is suppressed so 
that the cycle characteristics of the batteries are improved. 

(F) Application examples 

In the following, the present invention will be explained in detail using application 
examples and figures. 

Figure 1 shows the drawing of a battery in which (1) and (2) are stainless steel positive 
and negative electrodes, respectively, the two electrodes are separated by an insulating packing 
(3) made of polypropylene; (4) is a negative electrode made of rolled plate of lithium and is 
press-adhered to the negative electrode current collector (5) which is fixed to the inner bottom 
side of the negative electrode container (2), (6) is a positive electrode which is formed by mixing 
an active substance composed of a sinter of lithium and manganese dioxide, acetylene black as an 
electric conductor,-and fluoropolymer_as a binder at the weight ratio of 80:10:10, then the 
mixture is molded inside the positive electrode-fixing ring (7) and is press-adhered to a positive 
electrode current collector (8) fixed at the inner surface of the positive electrode container (1), 
and (9) is a separator made of a polypropylene nonwoven fabric and the separator is impregnated 
with the electrolytic solution to be described later. 
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Operation Example 1 

Batteries A-l to A-9 were prepared by dissolving IJCIO4 in propylene carbonate to give 
an electrolytic solution containing 1 mol/L LiGC>4, then 0 vol% to 20 vol% pyridine were added 
to the electrolytic solutions. 

The discharge of these batteries was carried out at 2 mA until the battery voltage was 
2.0 V and the charging was carried out at 2 mA until the battery voltage was 3.5 V, and the point 
when it reached 1/2 of the initial discharge capacity was regarded as the cycle life. 

In Table 1, the relationship between the concentration of the additive and the cycle 
characteristics is shown. 
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Key: 1 Battery No. 

2 Pyridine concentration, vol% 

3 Cycle life 



From Table 1, it is clear that the addition of a suitable amount (0.01-20 vol%) of pyridine 
to the electrolytic solutions favorably affects the cycle life of the batteries. 

Also, the amount of pyridine to be added is preferably 0.1-20 vol%, and it is clear that 
1.0-5.0 vol% gives the longest cycle life. - - - - - - - . _ 

Operation Example 2 

LiAsF<s was dissolved in a (1:1 volume ratio) mixture of ethylene carbonate and 
dimethoxyethane solvents to prepare a 1 mol/L Li AsF 6 electrolytic solution to which 0 vol% to 
20 vol% dimethylpyridine was added. Then batteries B-l to B-9 were prepared using the thus 
prepared electrolytic solutions. 
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Table 2 shows the relationship between the concentration of the additive and the 
charging-discharging cycle characteristics. The charging-discharging process was set up as in 
Operation Example 1. 



Table 2 
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Key: 1 Battery No. 

2 Dimethylpyridine concentration, vol% 

3 Cycle life 



From Table 2, it is clear that the addition of a suitable amount (0.01-20 vol%) of 
dimethylpyridine to the electrolytic solutions favorably affects the cycle life of the batteries. 

Also, the amount of dimethylpyridine to be added is preferably 0.1-20 vol%, and it is 
clear that 1.0-5.0 vol% gives the longest cycle life. 

Operation Example 3 

LiPFe was dissolved in a (1:1 volume ratio) mixture of butylene carbonate and 
2-methlytetrahydrofuran solvents to prepare 1 mol/L LiPF6 electrolytic solutions to which 0 vol% 
to 20 vol% thiourea was added. Then batteries C-l to C-9 were prepared using the electrolytic 
solutions. 

Table-3 shows the relationship between Jhe concentration of the additive and the 
charging-discharging cycle characteristics. The charging-discharging process was set up as in 
Operation Example 1. 
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Table 3 
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Key: 1 Battery No. 

2 Thiourea concentration, vol% 

3 Cycle life 



From Table 3, it is clear that the addition of a suitable amount (0.01-20 vol%) of thiourea 
to the electrolytic solutions favorably affects the cycle life of the batteries. 

Also, the amount of thiourea to be added is preferably 0.1-20 vol%, and it is clear that 
1.0-5.0 vol% gives the longest cycle life. 

Operation Example 4 

LiAsF6 was dissolved in a (1:1 volume ratio) mixture of 4-methyl-l,3-dioxirane and 
dimethoxyethane solvents to prepare 1 mol/L Li AsFe electrolytic solutions to which 0 vol% to 
20 vol% p-anisaldehyde was added. Then batteries D-l to D-9 were prepared using the 
electrolytic solutions. 

Table 4 shows the relationship between the concentration of the additive and the 
charging-discharging cycle characteristics. The charging-discharging process was set up as in 
- Operation Example 1. 
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Table 4 
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Key: 1 Battery No. 

2 Anisaldehyde concentration, vol% 

3 Cycle life 



From Table 4, it is clear that the addition of a suitable amount (0.01-20 vol%) of 
anisaldehyde to the electrolytic solutions favorably affects the cycle life of the batteries. 

Also, the amount of anisaldehyde to be added is preferably 0.1-20 vol%, and it is clear 
that 1.0-5.0 vol% gives the longest cycle life. 

In the above-mentioned Operation Example 2, dimethylpyridine was used as a derivative 
of pyridine, however, it is not limited to dimethylpyridine, thus the same effect can be obtained 
when other pyridine derivatives such as trimethylpyridine, methylpyridine, ethylpyridine, 
diethylpyridine, methylethylpyridine, dimethylethylpyridine, etc. are used. 

In the above-mentioned Operation Example 4, p-anisaldehyde was used. 



i 

M 



However, in addition to this, 



10 




T T 

Q-CtjB, 0-CH> 

4. " 



Key: 1 Or 
is also effective. 

Furthermore in the above-mentioned operation examples, the use of propylene carbonate, 
ethylene carbonate, 2-methyltetrahydrofuran, 4-methyl-l,3-dioxirane, and dimethoxyethane as 
the solvents for the electrolytic solutions was shown and the use of LiClC>4, LiAsFe, and LiPF6 as 
the electrolytes was shown, however, they are not limited to these compounds. 

That is, in addition to the above-mentioned solvents, solvents such as 1,3-dioxirane, 
2-methyl-l,3-dioxirane, tetrahydrofuran, sulfolane, 3-methylsulfolane, dimethyl sulfoxide, 
vinylene carbonate, diethoxyethane, methyl orthoformate, etc. can be used. Also, in addition to 
the above-mentioned electrolytes, LiCF3S03, UBF4, LiSbFe, LiAlCLt, U3AIF6, etc. can be used. 

The flat battery shown in Figure 1 was used in one application example of the present 
invention, however, it is needless to say that it can be applied to square-shaped batteries and 
cylinder-shaped batteries. 

(G) Effect of the invention 

As explained above, in the present invention, by adding additives such as pyridine, 
pyridine derivatives which can be represented by general formula 



R v 



Ri 



thiourea which can be represented by the formula 
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i ' 
1 . 

& H * 

or anisaldehydes which can be represented by general formula 



h j I *® J'Oi 

I "■ 
O-R, 

^ 0 = C - R • 

© ' O-R, 



Key: 1 Or 



the charging-discharging characteristics of batteries can be improved remarkably. 

It is believed that the reasons are that at the time of electrodeposition of lithium, these 
additives are taken in and affect the surface morphology of the lithium electrode, improving the 
charging-discharging efficiency and relaxing the solvents which are used for preparing the 
electrolytic solutions and the reactivity of the solutes and lithium. 

As mentioned above, according to the present invention it becomes possible to 
manufacture batteries with very long charging-discharging cycle lives, thus batteries with a very 
high industrial value can be manufactured. 

Brief description of the figures 

Figure 1 shows a semicross-sectional view of the battery of the present invention and 
Figures 2-5 show the relationship between the amount of various additives and 
charging-discharging cycle characteristics, respectively. ~ - - - - 

(1) Positive electrode container 

(2) Negative electrode container 

(3) Insulating packing 

(4) Negative electrode 

(6) Positive electrode 

(9) Separator 



Figure 1 




Figure 2 



Cycle life (days) 

Amount of pyridine added (vol%). 




Figure 3 



Cycle life (days) 

Amount of dimethylpyridine added (vol%). 




Figure 4 



Cycle life (days) 

Amount of thiourea added (vol%). 
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Figure 5 

Cycle life (days) 

Amount of anisaldehyde added (vol%). 
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